In AGN feedback study, it is crucial to precisely determine the accretion rate of AGN and properly adopt the AGN physics, since they determine the AGN radiation and wind outputs. One key feature of such an AGN physics is that, depending on the value of the accretion rate, accretion is divided into two modes, namely hot and cold, corresponding to below and above 2%L Edd respectively. In this paper we investigate the role of the hot mode by performing hydrodynamical numerical simulations of AGN feedback in an isolated elliptical galaxy. We have run two test models. In one model, we always adopt the cold mode accretion physics no matter what value the accretion rate is; in another model, we turn off the AGN outputs once the accretion is in the hot mode. We have calculated the AGN light curves, black hole growth, star formation, and AGN energy duty-cycle and compared the results of these two models with the model in which the two modes are correctly taken into account. Important differences are found. For example, if we would adopt only the cold mode, compared to the model considering both modes, the AGN luminosity would become significantly smaller, the total mass of newly formed stars would become two orders of magnitude smaller, and the fraction of energy ejected within the high accretion regime (i.e., L BH > 2%L Edd ) would be very small ( 10 −3 ), inconsistent with observations. These results strongly indicate the importance of hot mode feedback, which is because the time fraction of being in this mode is very large. We have also investigated the roles of wind and radiation in the hot mode and found that usually wind is more important than radiation; but, depending on the problem, radiation also cannot be neglected.
INTRODUCTION
More and more evidence has shown that a supermassive black hole may evolve together with its host galaxy, such as the strong correlation between the mass of the black hole and the luminosity, stellar velocity dispersion, or stellar mass in the galaxy spheroid (Magorrian et al. 1998; Tremaine et al. 2002 ; see review by Kormendy & Ho 2013 ). Both observational and theoretical studies now strongly indicate that such a co-evolution between the black hole and the galaxy is because of the active d.yoon@uva.nl; fyuan@shao.ac.cn galactic nuclei feedback (Fabian 2012; King & Pounds 2015; Naab & Ostriker 2017) . In this process, the outputs from the AGN, namely radiation, wind, and jet, interact with the interstellar medium (ISM) in the host galaxy and alter the density and temperature. Star formation will be consequently changed, which results in the change of the galaxy evolution. The change of the properties of ISM will in turn affect the fueling of the AGN and subsequently the evolution of the black hole mass. From this scenario, it is clear that the most crucial factor to determining the effects of AGN feedback is the value of AGN accretion rate and the accretion physics which determines the magnitude of AGN outputs for a given accretion rate. The nature of the feedback is also critically important. Observed feedback is in the form of radiative output and broad absorption line ("BAL") winds rather than the previously adopted "thermal feedback" which consisted in heating gas near the black hole.
Many cosmological simulation works have taken into account the AGN feedback, such as the Illustris-TNG and EAGLE simulations (e.g., Schaye et al. 2015; McAlpine et al. 2017; Weinberger et al. 2018; Habouzit et al. 2018) Since they focus on very large scales, the resolution of these simulations are typically several kpc or even larger. Thus it is difficult to resolve the boundary of black hole accretion flow, i.e., the Bondi radius, which is typically several tens of pc. In this case, the accretion rate cannot be precisely calculated but has to be "estimated" in some phenomenological way, which may have an uncertainty as large as ∼ 300 (Negri & Volonteri 2017 ) (see also . This is why we believe that a better way to understand the details of AGN feedback is to focus on a much smaller scale, e.g., a single galaxy or even smaller (Ciotti & Ostriker 1997 Novak et al. 2011 Novak et al. , 2012 Gaspari et al. 2013; Gan et al. 2014; Hopkins et al. 2016; .
A perhaps even more important issue for the AGN feedback study, in addition to the precise determination of the mass accretion rate, is the AGN physics, which describes the output from the AGN for a given accretion rate. After several decades' observational and theoretical efforts, we now have accumulated quite solid knowledge of black hole accretion (see reviews by Pringle 1981; Blaes 2014; Yuan & Narayan 2014 ), but these have not been properly absorbed in AGN feedback theoretical studies. Yuan et al. (2018b, hereafter Yuan18 ) has presented a model framework and incorporated stateof-art AGN physics in a comprehensive way to the feedback simulations. The framework has been adopted in later works (Yoon et al. 2018; Li et al. 2018; Gan et al. 2018) which focus on developing different aspects of the model. Yoon et al. (2018) has extended the low-angular momentum galaxy in Yuan18 to the case of high angular momentum; Li et al. (2018) has compared the different roles of AGN feedback and various components of stellar feedback (supernovae and stellar wind); while Gan et al. (2018) has focused on the role of gravitational instability of the galactic circum-nuclear, cold gas disk.
An important ingredient of the AGN physics presented in Yuan18 is that black hole accretion comes in two different modes, namely cold and hot modes, depending on the value of the mass accretion rate of the central black hole. Observations show that the boundary between the two modes is ∼ 2%L Edd (Yuan & Narayan 2014 ). The black hole activity usually oscillates with time, passing through both modes (e.g., Yuan et al. 2018b) . The cold and hot accretion modes correspond to the cold and hot feedback modes 1 . But in simulations of AGN feedback, either in cosmological scale or in galaxy scale, some works neglect the hot feedback mode or the most recent progresses in hot mode accretion physics have not been taken into account. The radiation and wind 2 from the AGN are distinctly different in the two modes. Roughly speaking, both the radiation and wind produced in the cold mode are much stronger than those in the hot mode. This is perhaps another reason people incline to neglect the hot mode. However, both observational and theoretical simulations have shown that the AGN reside in the hot mode for much a longer time than in the cold mode (e.g., Haiman & Hui 2001; Heckman et al. 2004; Greene & Ho 2007; Kauffmann & Heckman 2009; Shankar et al. 2010; Yuan et al. 2018b; Yoon et al. 2018; Gan et al. 2018) . For instance, a statistical study has shown that the percentage of the time spent in its active phase of the black hole, which roughly corresponds to the cold accretion mode, is reported to be ∼0.4% or even smaller (Greene & Ho 2007) . Therefore, it is hard to exclude the possibility that the hot mode feedback still plays an important role due to its cumulative effect.
Therefore, as one paper in our series, the aim of the present paper is to study the importance of the hot accretion (feedback) mode. We will do this by performing high-resolution hydrodynamical simulations following Yuan18. In § 2, we first briefly overview the model, then introduce the models we adopt in this paper. In § 3, we describe our simulation results. We find that hot mode plays an important role and cannot be neglected in general. We summarize the results in § 4.
MODELS

General introduction of the model
The code that this work will be based on is called "MACER", which has been described in Yuan18 (see also Yuan et al. 2018a for a short description of the main components of the model) and is based on the code originally developed by Ciotti & Ostriker (1997 over several years. Specifically, we study the AGN feed-back by performing hydrodynamical numerical simulation of an isolated elliptical galaxy. The inner boundary R in is chosen to be about 10 times smaller than the Bondi radius so we can ensure the accretion rate there, M (R in ), is precisely calculated rather than estimated. The outer boundary is at 250 kpc. The highest resolution is achieved at R in , which is ∼ 0.2 pc. Radiation and wind from the AGN corresponding to the accretion rate at R in are calculated based on the accretion physics in the cold and hot modes, as we will briefly review below. They are "injected" at R in to the simulation domain and interact with the interstellar medium of the galaxy. The radiative processes we consider include Compton heating and cooling, bremsstrahlung loss, photo-ionization, and line and recombination heating and cooling. Star formation and supernovae have also been taken into account (see Yuan18, for the detailed galaxy model and the applied physics).
Physics of the cold and hot feedback modes
This paper focuses on the role of hot accretion and feedback mode. For the convenience of readers, in the following we briefly review the physics of the two modes, i.e., for any given value ofṀ (R in ), what will be the radiation and wind outputs from the accretion flow.
Depending on the value of the mass accretion rate, black hole accretion has two sets of solutions. When the accretion rate is higher than ∼ 2%Ṁ Edd , here the Eddington accretion rateṀ Edd ≡ 10L Edd /c 2 , the accretion is in the "cold" mode, since the temperature of the accretion flow is relatively low; when the accretion rate is lower than this value, the accretion will be in the "hot" mode, since the temperature of the accretion flow is several orders of magnitude higher, nearly virial 3 . The representative solutions in the cold and hot modes are the standard thin disk solution (Shakura & Sunyaev 1973) and the advection-dominated accretion flow (ADAF; Narayan & Yi 1995; Yuan & Narayan 2014) .
The radiation and wind outputs from the two modes are described by different equations. For the wind launched in the cold mode, there have been many observations (e.g., Crenshaw et al. 2003; Arav et al. 2008; Tombesi et al. 2012; King & Pounds 2015) . In Yuan18 and the present work, we adopt the statistical results obtained in Gofford et al. (2015) , which are obtained by fitting the observations of the BAL wind from 51 AGNs observed by Suzaku. The mass flux and velocity of wind are found to be a function of the AGN bolometric luminosity L bol , described by the following equations,
We set the maximum wind velocity to be 10 5 km s −1 . As for the angular distribution of the mass flux of wind, since our galaxy model is almost spherically symmetric, the exact description of the distribution of the wind flux may not be so important. Following previous works, we simply assume that the mass flux of wind ∝ cos(θ).
The radiation luminosity from the cold accretion flow is described by
here the radiative efficiency 0 = 0.1,Ṁ BH is the mass accretion rate at the black hole horizon. The Compton heating and cooling is calculated in terms of "Compton Temperature", T C , which represents that energyweighted average photon energy emitted by the AGN. For the cold mode, T C,cold = 2 × 10 7 K (Sazonov et al. 2004 ).
In the hot accretion mode, the geometry of the accretion flow is composed of an outer truncated thin disk plus an inner hot accretion flow (Yuan & Narayan 2014) . The truncation radius is described by,
where R s ≡ 2GM BH /c 2 is the Schwarzschild radius. Although we are accumulating more and more observational evidence for the wind from hot accretion flows (e.g., Wang et al. 2013; Tombesi et al. 2014; Homan et al. 2016; Cheung et al. 2016; Ma et al. 2018 ), the evidence is indirect and cannot give a good constraint on the properties of wind from hot accretion flows as in the case of cold wind. On the other hand, the theoretical study by numerical simulation of wind production from a hot accretion flow is much advanced compared to the study of wind from cold accretion disks. This is because technically it is much easier to simulate a geometrically thick accretion flow than a geometrically thin flow. Based on the three dimensional GRMHD simulation data, using "virtual particle" trajectory approach, Yuan et al. (2015) has obtained the mass flux and velocity of wind: 
where v K is the Keplerian velocity. As for the angular distribution of wind, from the detailed analysis presented in Yuan18, the mass flux of the wind is distributed mainly within θ ∼ 30
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For the radiation in the hot mode, the radiative efficiency as a function of accretion rate is studied in Xie & Yuan (2012) . It is no longer a constant but has a complicated form, which can be described by the following fitting formula,
the values of 0 and a are given in Xie & Yuan (2012) and we copy them as follows: 
The comparison of the radiative efficiency between the cold and hot modes has been shown in the right panel of Figure 1 . Note that the efficiency of the hot mode is comparable to that of the cold mode when the accretion rate is high. The radiation emitted from a hot accretion flow has relatively more hard photons compared to a thin disk; thus, the Compton temperature is higher compared to that of the cold mode, T C,hot ∼ 10 8 K (Xie et al. 2017) . Such a high T C,hot results in a relatively efficient radiative heating and is likely the reason for the importance of radiative feedback in the hot mode, as we will discuss in § 3.4.
Models
To investigate the role of the hot mode feedback, in this paper we have performed four models, as given in Table 1 . In the model "fullcoldFB", we assume that the AGN feedback occurs only in cold mode over the entire range of accretion rate. In the model "nohotFB", when the accretion rate is lower than the "boundary" between the cold and hot modes, instead of adopting the hot mode as in fullFB model, we simply turn off the AGN, i.e., there will be no radiation and wind at all in this case. We compare the simulation results of these two models with those of the "fullFB" model presented in Yuan18 (but with some improvements as described in § 3.1). To understand the respective role of radiation and wind in the hot mode, we carry out models without wind (mechanical) feedback ("nohotmechFB") and radiative feedback ("nohotradFB") in the hot mode.
The left panel of Figure 1 compares the radiation and wind power between the fullFB and fullcoldFB models. The differences are of course only in the regime of L 2×10 −2 L Edd and they are very significant. Radiation in the fullcoldFB model is almost always stronger than that in the fullFB model. Wind power in fullcoldFB model is also much stronger than that in the fullFB model unless when the luminosity is lower than ∼ 6 × 10 −4 L Edd . As we will show in § 3, these differences produce important effects on the AGN feedback. 3. RESULTS
Some results of the updated fullFB model
For the fullFB model, we employ the AGN feedback for both cold and hot modes as mentioned above. This model is identical to that in Yuan18 but with two improvements in the present paper. One is on the calculation of star formation. Following Gan et al. (2018) , now we do not allow star formation when the gas temperature is higher than 4 × 10 4 K nor the density is lower than 10 5 cm −3 . This is to mimic the fact that stars are formed from cold molecular gas. The effect of adding this new constraint is shown by Figure 2 . We can see that the amount of newly formed stars is significantly reduced compared to Yuan18, and the distribution of the formed stars is highly concentrated within 100 pc. This is in a good agreement with the recent observation (Tadaki et al. 2018) , which showed that a large fraction of stars forms in the central 1 kpc.
In addition to this improvement, we have also corrected a bug in computing the energy flux of the wind for the fullFB model in Yuan18. Although this does not change the overall evolution of the black hole and the galaxy, we do find that it over-produces the wind power. And last, we would like to emphasize that, similar to Yuan18, all models in this work assume only a small degree of galactic rotation, thus there is no densityenhanced disk (see Yoon et al. 2018 , for the result from the model with higher degree of galactic rotation). Figure 3 shows the AGN light curves. We can see that the overall shape is the same as in Yuan18: it stays at low luminosity (L BH ∼ 10 −5 L Edd ) for most of lifetime with occasional bursts. These bursts occurs more frequently at earlier times as a consequence of more abundant gas supply. In our galaxy configuration, the initial Figure 2. The mass density of the newly born stars, which are integrated for the entire simulation time. Left plot is the result from the fiducial model in Yuan18, and the right plot is the result from the present work, at which stars form only when the temperature is below 4 × 10 4 K and the gas density is higher than 10 5 cm −3 .
gas density in the galaxy is very low and the stellar mass loss and supernovae Ia are the main ingredient for the gas in the galaxy (Pellegrini 2012) . Here, according to the stellar population synthesis model that we adopt, most of stellar mass is lost at early times, resulting in more violent AGN feedback at that stage. Figure 4 shows the total mass of the gas in the galaxy within different temperature ranges. While most of gas stays at T > 10 7 K, it occasionally becomes cold enough for star formation (T < 4 × 10 4 K) as a consequence of thermal instability (e.g., Li & Bryan 2014; Li et al. 2015) .
Comparison between fullFB and fullcoldFB models
The resultant light curve for the fullcoldFB model is shown in Figure 3 . Compared to the light curve of the fullFB model, we can see several obvious differences. One is that the luminosity of the AGN is always below 10 −2 L Edd in the fullcoldFB model while it can be above this value in the fullFB model. The second difference is that we can clearly see a trend of decreasing luminosity with cosmological evolution time in the fullcoldFB model while it is not so obvious in the fullFB model. The third difference is that the light curve in the fullcoldFB model is much less bursty compared to the fullFB model.
Yuan18 have shown that the AGN accretion rate and light curve are mainly controlled by the wind feedback rather than radiative feedback. So we believe that the former two differences are because of the stronger wind in the fullcoldFB model 4 . When the wind becomes stronger, more gas surrounding the black hole will be pushed away and thus the accretion rate will in general become smaller. In addition, more gas will be blown out of the galaxy in the form of galactic wind thus the available gas for fueling the black hole will gradually become less. For the third difference between the fullcoldFB and fullFB models mentioned above, we speculate that this is because of the stronger radiation in the fullcoldFB model. The bursty feature of the AGN is likely because of the accretion of small cold clumps by the black hole. The clumps are formed by thermal instability (e.g., McCourt et al. 2012; Sharma et al. 2012; Gaspari et al. 2013; Li & Bryan 2014; Li et al. 2015; Qiu et al. 2018; Wang et al. 2019 ). When radiation is stronger, radiative heating becomes stronger; thus it is harder for the formation of clumps. Figure 5 shows the evolution of black hole mass for each model. We can see that the growth of black hole in both fullFB and fullcoldFB models is very little. Figure 6 shows the radial mass distribution of newly born stars for various models, which is integrated for the entire simulation time. The result of the fullFB and fullcoldFB models are shown by the thick blue and thick orange lines respectively. It is apparent that star formation is highly suppressed in the fullcoldFB model compared to the fullFB model. The reason of reduced star formation in fullcoldFB model may be twofold. On one hand, the AGN radiation is stronger in the fullcoldFB model, resulting in stronger radiative heating to the gas in a large region of the galaxy where the optical depth is smaller than unity (Yuan18). On the other hand, the wind in the fullcoldFB model is also much stronger than in the fullFB model. The strong wind blows away the gas in the galactic center up to distance of a few kpc, which results in the decrease of density and suppression of star formation. The star formation perhaps can be enhanced temporarily at ∼ kpc scale, where the gas is compressed due to the interaction between the wind and the ISM (Cresci et al. 2015) . However, such a temporal enhancement is averaged out and not present in this time-integrated figure. The right panel of Figure 6 shows the total mass of newly born stars for various models. We can see that the total mass of new stars in the fullcoldFB model is two orders of magnitude smaller than in the fullFB model.
And last, let's examine the percentage of the emitted total energy above the given Eddington ratio. Figure 7 shows the predicted results for various models. Observationally, it is believed that AGNs spend most of their time in the low luminosity AGN phase but emit most of their energy during the high-luminosity AGN phase (Soltan 1982; Yu & Tremaine 2002) . For the fullFB mode, the fraction of energy ejected above 2%L Edd is about 10%
5 . But for the fullcoldFB model, the fraction becomes very small ( 10 −3 ), inconsistent with observations. 
Comparison between fullFB and nohotFB models
The AGN light curve produced by the nohotFB model is shown in Figure 3 . Unlike the fullFB model, in which the AGN luminosity is ∼ 10 −5 L Edd for most of time, the AGN luminosity in the nohotFB model becomes generally much higher and fluctuates in the range of 10 −5 L BH /L Edd 10 −2 until 8 Gyrs. The higher "average" AGN luminosity is obviously because of the absence of AGN feedback when L 2%L Edd . Due to the absence of wind and radiation, the gas surrounding the black hole has relatively higher density and lower temperature and thus the accretion rate is higher. The light curve becomes "featureless" after ∼ 6 Gyrs in the nohotFB model. This is because, at late stage of the evolution, the gas supply becomes lower and thus the AGN is no longer able to enter into the cold accretion mode. Since we do not have hot mode in this model, there is no longer any perturbation to the gas in the galaxy. We can see from the figure that the absence of the cold mode also occurs in the fullFB model after ∼ 6 Gyrs.
In accordance with the AGN light curves, the black hole growth is also distinctly different between the fullFB and nohotFB models, as shown by Figure 5 . For the nohotFB model, since the accretion rate is on average much higher than in the fullFB model, the black hole can grow to a much larger mass than in the fullFB model. Although the hot mode occurs at low accretion rates, this mode is not negligible because the time fraction of being in hot mode is very large. This result strongly indicates the importance of including the hot mode feedback.
The radial distribution of newly born stars for the nohotFB model is shown in Figure 6 . Compared to the fullFB model, we can see that the star formation is strongly reduced in the nohotFB model. In other words, the presence of the wind and radiation in the hot mode helps the star formation in the galaxy, which is apparently surprising. Our explanation is as follows. The mechanical feedback by wind (maybe radiation also) pushes gas outwards, affecting the star formation activity in a complicated way. On one hand the wind can reduce star formation as it depletes the inner region in the galaxy. On the other hand, it can also enhance star formation as it can make the gas inhomogeneous by compressing the gas. The net effect on the total star formation may depend on the power of the wind. If the wind is very powerful, it can push a lot of gas to large radius where star formation is hard since the density is too low. If the wind is weak, it cannot push the gas too far away and its main role is to make the gas inhomogeneous thus helping the star formation. Since the wind in the hot mode is not so powerful, such kind of wind helps the star formation. Therefore, without the mechanical feedback in the hot mode, the star formation is reduced. As we can see in the right panel of Figure 6 , the total mass of newly born stars is an order of magnitude less than in the fullFB model.
The percentage of the total energy emitted above the given values of Eddington ratio for nohotFB model is shown in Figure 7 . We can see that, similar to the case of fullcoldFB model, the percentage of energy emitted above 2%L Edd for nohotFB model is very small, ∼ 0.4%, which is inconsistent with the observations. This is additional evidence that the hot feedback mode is of great importance.
3.4. The roles of radiation and wind in the hot feedback mode
As we have mentioned in § 2.3, we have also run two models to study the roles of radiation and wind in the hot mode, i.e., the nohotradFB model and nohotmechFB model. We find that the overall results of the nohotradFB model are mostly the same as the fullFB model. This implies that, in the low accretion regime, the mechanical feedback is likely dominant over the radiative feedback.
For the nohotmechFB model, we find that the AGN luminosity light curve and star formation activity have similar shapes with the nohotFB model, which can also be explained by the dominance of mechanical feedback in the hot mode. However, we find that the black hole growth is more suppressed in the nohotmechFB model compared to the nohotFB model. This is likely because radiation in the hot feedback mode can heat the gas surrounding the black hole thus reducing the mass accretion rate of the black hole. This indicates that, depending on the physical questions of interest, radiation in the hot mode still can play an important role and cannot be neglected.
SUMMARY AND CONCLUSION
Along the line of our previous works (e.g., Ciotti & Ostriker 2001 Ciotti et al. 2010; Gan et al. 2014) , recently we have continued our study of the effects of AGN feedback in an isolated elliptical galaxy (Yuan et al. 2018b; Yoon et al. 2018; Li et al. 2018; Gan et al. 2018) . The main improvement of our recent series of works is the adoption of state-of-art physics of black hole accretion. This includes: 1) the discrimination of the two accretion modes: hot and cold, which correspond to accretion rates below and above 0.02Ṁ Edd ≡ 0.2L Edd /c 2 , respectively; and 2) the recent important progress in understanding the radiation and wind production from black hole accretion flows, especially in the hot mode. The framework of the new model has been presented in detail in Yuan et al. (2018b) (see also Yuan et al. 2018a ). Based on this framework, our recent series of works have focused on various aspects of the problem: low-specific angular momentum galaxy (Yuan et al. 2018b ), highspecific angular momentum galaxy (Yoon et al. 2018) , the difference of the roles of AGN feedback and stellar feedback , and the role of gravitational instability of the gaseous disk .
In reality the AGN accretion rate covers a very large range; thus the AGN must come into two accretion modes, in the literature many works neglect the hot mode, or the physics of hot accretion mode has not been properly adopted. Although the radiation and wind in the hot mode are much weaker than those from the cold mode, the AGN resides in the hot mode for a much longer time. The aim of the present work is to systematically study whether the hot feedback mode is important. For this purpose, we have run two models (refer to Table 1 ). In the fullcoldFB model, we assume that the AGN always stays in the cold mode, no matter what value the accretion rate is. In the nohotFB model, we simply turn off the AGN feedback once the accretion rate is smaller than 0.2L Edd /c 2 . We then compare the simulation results, such as AGN light curve and star formation, of the two models with the model with both hot and cold modes included (our fiducial fullFB model).
For the fullcoldFB model, the wind and radiation outputs from the AGN are in general much stronger than in the fullFB model (the left panle of Figure 1 ). These strong winds push the gas away from the black hole and even out of the galaxy. Consequently, the luminosity of the AGN becomes significantly lower and decreases with time (Figure 3 ). Since the AGN rarely stays in the high-luminosity regime in the fullcoldFB model, the percentage of the emitted total energy in the luminous regime becomes much smaller compared to the fullFB model, inconsistent with observational constraints (Figure 7) . The stronger radiation in the fullcoldFB model also makes the thermal instability of the gas in the host galaxy harder to occur and thus fewer clumps will be formed and the AGN light curve is less bursty compared to the fullFB model (Figure 3) . The strong wind and radiation in the fullcoldFB model also strongly suppresses the star formation in the host galaxy, so the total mass of newly born stars becomes two orders of magnitude smaller compared to the fullFB model ( Figure 6 ). This is because the strong winds blow the gas far away from the central region of the galaxy and the strong radiation also heats the gas in a large region of the galaxy.
For the nohotFB model, the AGN luminosity during most of the time becomes roughly two orders of magnitude higher compared to the fullFB model, from ∼ 10 −5 L Edd to ∼ 10 −3 L Edd (Figure 3 ). This is because the density of the gas surrounding the black hole becomes higher and temperature becomes lower due to the absence of the wind and radiation when the AGN accretion rate is below 0.2L Edd /c 2 . In accordance with this change, the black hole mass also becomes unrealistically high in the nohotFB model ( Figure 5 ). It is interesting to note that star formation is reduced in the nohotFB model compared to the fullFB model. This is apparently surprising given that star formation in the fullcoldFB which has a strong wind is weaker than in the fullFB model. A reason is that the power of wind in the hot mode is weaker than that in the cold mode. In this case, winds are not able to blow the gas away from the central region of the galaxy. Instead, they mainly play a role of disturbing the gas and making the gas inhomogeneous, which is helpful for star formation.
In addition to the fullcoldFB and nohotFB models, we have also run two additional models, namely nohotradFB and nohotmechFB models (Table 1) , to examine the respective roles of wind and radiation in the hot feedback mode. It is found that the overall results of the nohotradFB model are similar to the fullFB model, which implies that wind rather than radiation plays a dominant role in the hot feedback mode. This is further confirmed by the comparison between nohotmechFB and nohotFB models, which shows that their AGN light curve and star formation activity are similar. However, we find that the black hole growth is more suppressed in the nohotmechFB model compared to the nohotFB model, which is because of the additional radiative heating in the nohotmechFB model causing a decrease of the accretion rate. This indicates that, depending on the problem of our interest, radiation sometimes also plays an important role.
All these results strongly indicate that it is crucial to correctly include the hot feedback mode in AGN feedback study.
And finally, we would like to point out a caveat of the present work. We only take the low-angular momentum galaxy as an example, and have not taken into account the external gas supply to the galaxy. The quantitative results may change after we take into account these effects but the qualitative results should remain unchanged. 
